. ' '~,_:<: . : and their distribution in crystals during varlous stages of plastic deformation, provided the total dislocation density is less than about An etched crystal surface gives therefore· a two-dimensional picture of the distribution of dislocations in the crystal. This technique also enables one to follow the motion of dislocations, their multiplication, or the formation of slip lines if the specimen is etched twice, once ' . ~ before and once after deformation. This technique is known as the "double'.' ··· etching''technique", and was first used by Gilman on lithium fluoride. 13 . ·
The purpose of the present investigation was to study the motion of two types of dislocations prior to macroscopic yielding c : .(.1) · the·· grown . in dislocations existing in an annealed crystal and;:.{2)prismatic edge
dislocation half loops introduced at surfaces by a punching mechanism.
; ·. ·.......
Dislocation m.otion in 'c~pper has been studied previously by Young 11 3 · :<,> ' -·:· . ./' were prepared (Fig. 22 ). Thicke~ specimens, 0.25 in. x 0.5 in. x 1 in., were used in ·the punching experiments (see Fig. 22 ) ~·
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-3-All the specimens were annealed at l075°C for 100 hours. This resulted in a decrease in dislocation density from 10 6 pe.r cm 2 to 105 2 dislocations per em , as determined from etch pit counts •
Deformation of the Samples
The crystals were loaded as cantilever beanis which had the advantage of causing a gradient of stress along the specimen. Using this method the behavior of dislocations at different stress levels from zero up to the macroscopic yield could be observed.
One end of the crystal was fixed in the grips so that its [121] direction was perpendicular to the bending axis. A known weight was· applied by means of a quartz knife on the opposite end. The quartz knife was placed on one arm of an analytical balance (see Fig. 24 ).
After annealing, and before deformation,the crystals were electro- to moved dislocations or to new dislocations, can also be distinguished (Fig. 4 ).
--··· .
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3, Punching of "Rosettes" of Dislocation Loops
Prismatic ha.lf loops were produced by dropping alumina balls of 30Ji . ! to 40J.l. diameter on the surface 'of the sample' from a height of 8 inches. _.
On-impact they.caused a deformation of the crystal similar to that due to differential volU1ne changes around a precipitate during cooling. .·Thus· rows of prismatic disloc_ation half loops forming "rosettes" were formed. highest resolved shear stress.
Extrapolation toN = 0 (Fig. 29) , which corresponds to motion of the 2 . ; , . . . first dislocations gives a critical applied tensile stress of 4 g/mrn <S q:ma.x · · . In the second stage sources produce rows. of new disloca-
(see Fig. 8 ).
.
tion pits which also lie along the traces of the slip plane (see Figs. 6-8) :>:·.·~:> . .;
' .... . ' :.
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-.:----Here we are 'dealing with half-:'loops at an external surface. We will assume that the shear stress on the glide cylinder. dueto a half loop is the same as for a complete prismatic loijp .. To. justify this assumption an intersti tialloop in a regular atomic array (Fig •. 27} is. considered. To a first approximation, for a prismatic loop several ·· ..... microns in diameter, shear stresses are zero at all points of the ,Plane AA' · (Fig. 27) .. Although the normal stress is not zero, it is less than G 5 .
•. 10 .
at all points. Therefore; if the crystal is cut in.to 2 parts along this
plane no major change in the stress field occurs.
• . , results were given in terms of a dimensionless parameter V which was a (Fig. ~6) given in Bullough's paper. " .. '.
-----
To calculate the critical shear stress 'l' necessary to move the last loop of a row of five loops or more we consider the shear stress 'l'i created by the ith lo~p at a distance zi from the last loop. The critical shear stress to move the last loop will bel
For the calculations we have considered only the rows of more than five loops, these loops being well aligned and regularly spaced in each of the considered rows. It-was thought that these were cases where there had not been strong inte'raction with parts of the grown-in dislocation network. ,-.
·. No initiation of slip lines or slip bands was observed near the loops (Fig. 17) . The relatively small mobility of these loops is. ,.
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The critical shear stress required to move the last loop iss For a value of G ·--~ -; . .
•. ' ...,. 12. A. Eikum and G. Thomas, Acta Met., ,!g_, 537 (1964) . .. .
•'.
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,, ·, ... The slip lines formation is observed. stress.
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•, A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of the information contained in this report, or that the use of any information, apparatus, method, or process disclosed in this report may not infringe privately owned rights; or B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of any information, apparatus, method or process disclosed in this report.
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